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^T-t(ivM^6 3 0 nm~ 7 0 0 n l^-«£fe|l1-&ff^-C£>& 0 
[0 0 2 2] 
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Hf^cffliOCDfflO^— if^Cil, nS ($1119) GaAsiSUC 
, I n 0 . 5 (Gao. 3 A 1 o\ 7>'0. 5P*^^ni^77 KJf 1 2 , 
A 1 0. 1 2 Ga 0. 8 8 A s frb&ZWZ 5 0 nm<D <g.m<7>i£&m 3 , I no 
. 5 (Gao. 3 A1 0. 7) 0. 5 p ^ ^ & £1? £ 0 . 3 5 ^ mOfjl 1 cry p M 
(^2SmS!) ?77Kil4, I n 0 . 5Ga 0 . 5 P frh %Z>3- v T > 

v yy°m 1 5, mm&ftJ&ztiT^^o h yy°m 1 5 Jtc7> — 

no. 5 (Gao. 3 A lo. 7) 0. 5 P^"b&& 

•J -7 (^^) «i20pi^77 ks ( * vfr^) 2 8 c 75^^ £ ftT'^ 

ffi«a^±jaiBij^^T?22fjj^f^ttT^HBJJ^^7!> ? ^ «t ? tc3:*)T7& f *^K-e** (m 
3 (a) #bb) 0 ±m<o±mmm\j-citTMt<onet^s o° 

^\ TfflC0Tfl!aSPD-C«±TjafcOftjR**8 0° *IM^ti>^ 0 o£ f), ffiij 
22 1±, TfIjT-j£^£fi^c&oTv>£ 0 :<7)'j7y^2 8C(i, 3 
BbUftfcRI! DM>&£#>^ Hl$* 1 yumfftttTv^o - <0 'J * v Ufr 2 8 C O 
MffllKli, nl^I nA 1 P ^-Sm^lfllh^ 3 1 Cj&*^j£$*l-Cv>£ 0 CO 
mSfLlSlkJB 3 1 C £ <t Tf M y VUft 2 8 C co_t GaAs^^^pl3> 
^71135 C^lM^ti&o 
[0 0 2 3] 

m«f^lWDVDffl©l/-ff : Fli, H-^nlGaAsitliC, 
nIGaAs^f>44A77r-i2 1, In 0 . 5 (Gao. 3AI 0. 7) 
0. 5 P*f>^nS?77K|22, In 0 . 5 (Ga 0 . 5AI0. 5) 0 
. 5 Prt»<bfc& nffilj^-f KB 2 3 , I n 0 . 5 (Gai- U A1 U ) 0. 5? ( 
O^u^O. 2) £#tr?£ttB 2 4 , a*JE^JSfcS*iTV»*o COf£14§ 2 4 (± 
, «fc l)#L < (±, 5£ 6 nmO I n G a P^^^^#Pit, JPS 6 nmO I n 
GaAlP^t)44A'J7lt, Sr^StC 7@fl LfcMQW (M u 1 t i p 1 
e Quantum W e 1 1 ) m&X*%>h 0 ^Wffitf 2 4 ±tC(i, I no. 
5 (Gao. 3 A1 0. 7) 0. 5P^?>4*f?0. 35^mO^!OpM^ 
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7 7KI2 6, pilno. 5 G a o . sP^^^i'vf >^h7 7 P l2 7 

KJf (U 7 -✓SPfr) 2 8D^ffM$tLTv^ 0 do'j ? vSP^- 2 8DI1, EI 
^fJJ^A 1 G a A s ^O^frU-Hf^CO'J y v3P#2 8 C fc»4$H/>«. 
S^InGaAl P^*tfk o^In 0 . 5 (G a 0 . 3 A 1 0 . 7 ) 0. 5 
Pri»<bfc&o 7 vSB#2 @(f£lOA 1 G a A s ^£>3M* 

foU-ifmirCW 7 ~JUfr2 8 C fcFJ— e*-5 0 SSEffijh« 3 1 p 

%> o 

[0 0 2 4] 

IH 1 O^gB^H^HiJO^T-C-efi, HlPf TffilJOnfflijmS4 1 tg^iffiiJ 
<r> P turns 4 2 t . f, 3 KWMtf&X Ziiho Z(D^)ib, p fflijmM 4 2 

o/c«>6, pfjjms4 2 a* >; ? vgi^2 8 cwrroiSfem 3 l 

T&A£*i&o iwilaACJ: «K y s JUfr2 8 CitT^Mi 3 

7 8 0 nmWM?W o ^ O^tiiiipS £ tLT l/--«<h * , $17 8 0 

CU, V -7 vSB53*2 8 DW.T<Dm&m 2 4 Ottjfi^'b, tft6 5 0 nmOl/- 

^"g>nu 2-35 CWf^li^ra, -C&&rt*\ 111 1 COSTC 

[0 0 2 5] 

rpg£3. 2/iini: LT, Tjao*S^*t"r-5±3a^iPSOJt^«r8 0. 0%fcSKL 
fc^"C*4o U y vg|S# 2 8 C > 2 8D<7>lfljSt, T22£, <Dftm*±M 

ia|5Utl^8 0° ati|i:a< Lfcj£T?«fc* (133 (a) 0 f£*S<£>J: 
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(2, 1 ^mT^o HI l^mmVii, Z(T>£ n IZU y vgP53*2 8 C, 2 
8 D(7)T522<7)iliStC^i-^±i72<7)iIis<7)§iJ^$-^:§ < L£<7)T\ 6 mW^il^i "C 

[0 0 2 6] 

, 2 8 D<7)±22coi|il£ 3 . 2^m<!:l2;tf\ 'J'r»2 8C, 2 8 D<D®\m%m 
EHiaolt-Cv^o .ro£<& N pfflljm^I4 2^^v±A$tL7t:m^(i, ] ) v VUft 
2 8 C, 2 8 D<D<£mzfctf^T : Mft, mW& 1 ) v v^5^2 8 C, 2 8 D^TU 

j^wj £ t , mm&itm 31c, 3 id oir^ii^wistti 3 , 240 

M^^W*a#i^*# < fit, mf&OJ: o qRiR^^^c: 19 
[0 0 2 7] 

i|iI^^i-<5)±i2<7)IIOit^^i^< Lt, »j y is'Uft2 8C, 28 DO±^22<7)ipI^ 

U -y vg[555-2 8 C, 2 8 D <7)±jaoiJii ; $:)/; < i""*U£\ < 
^•<50-/St4®3, 2 4<75BfIrt s ii;tT\ 0 (3< < £:#;t^b*lT: 

v^-^£>-C&£o 'J7»2 8C, 2 8 D<7)±;3<7)i|)s£)£ < -fZ> V 

sty yjuy^-y & < K^^i'yf^^Ci^J y vgP^* 2 8 C , 2 8 D £ 

ffMt^ - t . ";'r»2 8C, 2 8 D<7)|g B B H 14^jg;T IT -9 frh 

-TsJb&o Lt^U ^fP^ti, ^*0^#T#lt^SL, 'J7»2 8C, 2 8 
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'J '7 h <t H , fiJ!#(7) tf - * BiJK ri f 5§ (t^tw^'Jn^Kt-ot, m 
S&lfliL*3 1C\ 3 1 DOi£T^i5lt*?g14S3, 2 4 OiRJRO&*7&*ffi*frW K 
< «r*^<b-Cab* tmtfZti&o ttz. 'j7y1^2 8C, 2 8D<0*S H B B 14 

[0 0 2 8] 

ifz, mi OMt-CJi, ±feo J: -9 icj y Z?Wft<0 2 8 C , 2 8 DOj&Jlteli 

7 vgfcfrO 2 8 C. 2 8 DO±a<?5#a3&*d;v^-e, V y v|ffi#2 8C, 2 8 D t 
n>^ni35C, 35D^ ©S?ttM«t**i«x., V ? ft KMbttf ffi.fi*> 1r 

[0 0 2 9] 

, V y "»2 8C, 2 8 D<7)_L3(7)ipi^)2;v^-e, 'J y vSB#2 8C, 2 8 D 
[0 0 3 0] 

EI 1 Ofi^l/-fgfBfl±, Blf/SffiiJOA 1 G a A s ^Offftl/ 
-WCl^^t, ']r/M2 8C^, Bf^fflOI nGaA 1 
W^l/-f I^f D« 'J 8 D tK^ U» I n 0 . 5 (Ga 0 . 3A 

1 0. 7)0. 5 p ^ L^4o mS£ffljh«3 1 C&cfctfpMn^?? h 
S3 5C^ lU^ffllJ^ I n G a A 1 P^^f#:W-fIfDt*it: LTV> 
£0 :©fcft'Jy v*S&#2 8 C, 2 8 DOMWP$<DHI, o^, >; y 

2 8 C, 2 8D, BaMihlf 3 1C, 3 ID, & X XT p In > 9 9 MB 3 5 C. 

[0 0 3 1 ] 
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A 1 o. 4 G a o. 6 A s^A 1 G a A sMt^ffl^tv^: (06) 0 
C*Ui, 'J y y'S* 5 i:g| 1 0«t t iSf A 1 I n o . 5 (G a q . 3AI 

0. 7) 0. 5P£ffi^£<^> ') viS&fr5 tm&m3 £<Os*> h'*?W?&i3 

[0 0 3 2] 

HI 1 (7>glBT-li, m^ffiiJ^A 1 G a A s ifSR^C K 

&V>T, 3 £ 5 0 nmh)?( Ltz<DX^ K&fcftJB 3 KBJ 

#£0 Sfc, HOilBTU i^^fflO I n G a A l P^^f#U-f ^ 
^DKJSHT, ^14®2 4 0#pJfO£-ftOJ?££ 3 6 nm<!:iy< # 
r&^e- K* fate* 2 4 KR|Ji;&ae>, fate/1 2 4 "COi&JK£jgC 0 ^-t < Lt, S 

[0 0 3 3] 

■2fcK, ilwUfBOU 8C, 2 8D«Coi^Mt^o "T 

&;b*>, il^lBtli, '9 y vfflS#2 8C, 28DS:, O^rn, T 

SO i(B 4. 0 //m, _haoi!)S3. 2^mtL/:^ iti^f O^KCt-Siti 

[0 0 3 4] 

EI2I±, EI 1 O^SBO^IIJO^ CKjsi^T, y 8 COTjaofi 

5^2 8 c<Dym(D^M^-h±.m<n^<D\t^^ mm±f&&mzfrhijmztiz> 

OfS^TiaoipSO 7 o %J^± 1 0 0 %»Tt:f^^ 5 mWOfcB;£iT*gIS&fHl7& s 
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[0 0 3 5] 

-frftm^n. } ) y ~ymft2 8 c<D±m(om$:Tm<v^<D i o%^± i o 

0%J^TICLT, 'J y vSR^2 8 C<nTm.(n%^m^^:tZo TM<D 
(pl£3. 0^mm±tci-^t, gKjf&» ? 7t§il 0^1" < 4^/: 0 .IfUi, T?220 
||S£3. 0 ,u m^itc-f & Siru^lM 3 W'f^^*'^ £ ft, ^f&W?* 
m^1#tc< < &Z>frbT$>&tM%f2tiZ>o ttz, TMmstfS. O^mJ^TW 

0, 'i&*<7)*mVf\'-*?m=t' (HI6) J: K^H^ f feCH5U<^ 
o/: D 'J 7y^2 8 CO±i22(7)ips^Tj22C>ilis<75 7 0%J^_htc-f* 

t> -i y 8c<DTiM^&\,*T£mzt%-izmmmn, 

Z\t)K< < %Z>frbX**>Z> tmViZti&o i> o <b TS^>#S4- 5. 0 ^ mJ: ») 
//m^±, ftfi L < {±3. 0//m£JUL5. 0 ^ mJ^TT*tllf , 
[0 0 3 6] 

£ri ? 0. 7pm&±l. 4 jumiikTX* titzo 
[0 0 3 7] 

[0 0 3 8] 

8D«t lt, ±ja<^i|(s^T3a^>iis<7) 7 o%m±i o o%j^t\ tjeo*s* s 

3. 0&±5, 0 ^mJ^T, J?£ri*0. 7 ^ mtl± 1 . 4 ^ mJ^T, 
K f %> t Mt fctt***** btiZZt Wfrfr o tz o 
[0 0 3 9] 
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&±$tWLtzm lOU-f^tBtli, 'J y ->*g|S#2 8C, 2 8 D<5D#J»r®& 

*>T**&i&fcKLrt:«r£- (13 3 (a) ) , Z t:U±.m<Dl&i>H : m<7>1Rt*& L < fflj 

S£9i L /Co fit, ± jSO(B * Ti20*gO 7 0 %m± 1 0 0 %MT inctt 
i®!)l§» ? ^C^m^l£H^)x;< ftZZtZmZLtio Ltf»U W®£, 03 
(b) C^t i t I:, ±a<0(B**TfflOfi«t •) , ffi£2rt\ ±iZM»c>T&1B! 
tc|p] It T tJ (fSE ^> Trt ? & ±1832*15 U t > £ O ±18033 SB U ^ «b Ti22 fp] n 

ymmwD u ±m<Dm^Tmm%<r> i o %a± 1 o o %^mxh^m 

IK, cn:Ht*Uo ^0»fM*x IH3 (c) tz^i-J;^^, ±320#g 

^ ? T32c7)iIil «t l) , ffliJiZ2^\ ±dZ2^^Ti2jIJHfp]ltT[*lffiiJH^i -5 «t -) iz+r. 

*>.T* s *±flJiaSPUt, dO±ffliaSBU^f>Tanin]^9TiH!l3agBD 
, ft/h*S3&*Tao*SO 7 0 %&± 1 0 0 lz-?2>zti>X-&2> 
o ^$rM£, HI 3 (d) iZTp-f X o tz, ±ia^iPI^T3oipIJ: 19 ^>j2;< , 

fBij3^±jia^^T32t ■crtiiitcifes & ± o cja-^t^o , T3a<o*§j& s ±3ao*@(7) 

7 0%Ja±ioo%*it**^m K-tacfcfcT-i&o «®£, El 

3 (e) i:^ti?i:, ±mcom^Tm<Dmx ^) i>m< , mm^\ ±.mfrt>rm 
mzfciifxftfflizmz&jin izM.-t>T&&±mmuu z\<D±mmu^^Tm 

izftfri TMMMD t , U #/J>¥gri*iifrfE±5S<£>*S<7> 7 0 %&± 1 0 0 

if-e&&ffm, bz-j-z>z.ti>x&& 0 ttz, wmm*, 03 (f) UTFi-j^n 

, ±JSOipgtTa^>i|St7&^L<, ffiSri*, ±a/6^T^ffltC[6]ttTrtjIJnmi 
£ <fc 9 tcai*,T* t 4±fl!2SRU £ , -<7)±ffiiJS^^'bT?2^[p]^o TilJJ^D t 
, £ W U ft/Wlrt J ltlrKT:iZ2& «t LKmjf£±2I<7>iliI<7) 7 0 %&± 1 0 0 %3kffiX$> 
ZMVi, iz-f&Z\ti>X£2> 0 J^±<7)v»ftLO^i:^ 130(6**3. O^m 
ffil<li3. 0^mM±5. 0,umJiJlT\ £ * 4 i 0 * <h MFfcift 

y 28C, 2 8 D <a±1HIS«B U Ti2 <h (Oftfetf 7 0 0 m± 1 0 0 0 J^T 

[0 0 4 0] 
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ttz, Ml *>U— fMtBfli, m^^HflOA 1 G a As|^#l/-f| 
^CUfc^T, rS1£* 3 t LT, -J?£ 5 0 nmWA 1 0 . 12Ga 0 . 88As 
^f>4^fiW^^fflt^: 0 Lri»U IOi5i4S3S:, I$2 0nmJJl±6 0 
nmTOAl y Ga i- y As (O^y^O. 2 ) ^ <b & &i|iJf«) <7) 1 

Al y Gai- y As (O^y^O. 2) *£tr i> <0 fc-f-* Z. t i> & 

o 

[0 0 4 1 ] 

tfz, m lWU-filBtii, iftH^ I n G a A 1 P^O#3MfcU~*f 
^T-DtCiSV^T, ©14® 2 4 t LT, 6 nmO I n G a P^f>4^#Pit 
, l?£6 nm^I nGaA 1 P tf> <b & & 'J 7f , Sr^St; 7 Hl^ll Lfz&M. 
M^ftR (MQW) *i|WtO*fflv^o Lt&»U -1^14/12 4 f?4n 
mJ^±8 nmJ^TW I n o. 5 (Gai- U A1 U ) q. 5 p (O^u^O. 2 
) rt»t>$:*#Fr*fc, I n o. 5 (G a i - V A 1 v ) 0 . 5? (0. 2< vs£ 

o. 6) frhz&mmmt, &&KiiZ5®&±9m&rFmmLtz&m.tt#wm 

o * 7t, fi&14Jg 2 4 I n o . 5 (Gai_ u Al u ) 0 . 5P ( 0 sS u ^ 0 
. 2) &$t*i><D£-t&clbi>-C&Zo 
[0 0 4 2] 

ttz, m lOl^-filBtli, $ 1 »pl^77 K® 14,2 6c7)Jf££ 0 
. 3 5 nmt L7t^\ ^ti^rO. 15/um^JLLO. 4 5 ^ m&T. ttt L < (i 0 
. 3 0//mM_L0. 4 0^ml3iTtt^:Ht^o ilWpl?77Kil 
4, 2 6**< L-tr*t, K<7>H^ltW**< jfc&o J?<L 

[0 0 4 3] 

HI 1 «P-fSlBtli, ilOpI?77K|14, 2 6 £ I n 0 . 
5 (G a 0. 3 A 1 0. 7) 0. 5?^ Ltitf. :*iSrIn 0 . 5 (G a 1 _ t 
Alt) 0. 5? (0- 6£t£l) tnittti-6o 
[0 0 4 4] 
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2 8 D£ I n 0 . 5 (G a 0 . 3"A 1 0. 7> 0.5?^ Lt^\ I n 0 

5 (Gai_ x Al x ) o. 5? (0. 6^xs21) t "tZ> Z. t i> X l £ £ Q 
[0 0 4 5] 

ifc, HI 1 Ol/- if^tBtli, mm&±m3 1 C, 3 1D£In 0 . 5AI 
0. $PtLtzfr\ i^Ino. 5 (G a 1 _ W A 1 w ) 0 . 5? (0. 7^ 
1 . 0) ti-&z\ t &t#& 0 

[0 0 4 6] 

tz*X~$>&o itz, 'J vg&fr 2 8 C , 2 8 D^KT&^^OfgT-T-raCT*** 
(0T\ >1<7><; 7 vgf^2 8 C, 2 8 DOBdcJ^»OXe*RNFt-ff-9 
2>&Xh2> 0 

[0 0 4 7] 

(1) i-fx nlGaAsItUC, In 0 . 5 (Ga 0 . 3AI 0 . 7) 
0. 5P^?)44nI^5-;Kll2, A 1 0 . 1 2 G a q . 8 8 A s 7^ & & 
fitf3, In 0 . 5 (Gao. 3AI0. 7) 0. 5P*^***1^pS^ 
77KI14, I n 0 . 5Gao. sP^^^yf >^ h-^il 5, I 
no. 5 (Gao. 3 A 1 0 . 7) 0. 5 P^^4^$2«0pl^77 Kf2 8 

[0 0 4 8] 

(2) ±ffi<7)^MHBIfbJgl«:ffML, m *Ofc¥5frOffi#<aBKI:BI£ 

n G a A 1 Pf.TO^^^f lft:2 1 - 2 7feJ:^I n 0 . 5 (Gao. 3 A 
1 0. 7) 0. 5 P^<b&&l¥£ 1 /um<7)M2<DpM? 7 y K® 2 8 D' (f&tfi 

[0 0 4 9] 

( 3 ) &W%ti* , ti<7>m 2WpI^77Ki28C\ 28D'± 
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[0 0 5 0] 

(4) >X^. ZcDmitm*-?* 9 t LT, H20pI?77Kf28C\ 2 
8D^x 7 f>^LT, »i2^)pI?7yFl ('Jr« 2 8 C\ 

2 8DHMt4o £*)#L<(i, EI3 (a) ^WiiC, 'J7v»2 
8 C, 2 8 D<7)±ffliJg|57>A<7)±ffliJia^U{i K7-fx 7 f >^*ia «5 ffM U TffilJ 

•yf->7"Cf±, |2(0pS^77Ki2 8C\ 2 8 D'Ox^f ^^C, g£ 

Zt^mt^^o ZtUZtfL* "Jzy hXyf>m, |2©p|^77 Kg 2 
8 C \ 2 8D' t x.y^->^xhy T^Jf 15, 2 7 t , <0x. y ^ > ^iiJS^H 

TffiiJf^B 4: -7 x y h x. y J- y tn,z£ i) T&rfctZ ZtX\ x. y -f- > <7)ffi 
[0 0 5 1] 

(5) ')r»2 8C, 2 8 DOflfffg* nl I n A 1 Vfrhtt&WM 

m±m3 ic, 31 D-ea^&tro fot, ±i^x v 4 •fw&mtWk*^ 

LXfrh, 'Jy^2 8C, 2 8 D is <£ CTOSfE ffijh* 3 1 C , 3 1D±1:, G 
a A s n>^7 h J|| 3 5C, 3 5D^lIt^o 
[0 0 5 2] 

(6) #cU, pffilJ«te4 2, nffilj«^4 1 ^Ml^t, R I E (React 
ive Ion Etching) f CJ; *)7r$£it4 3 ML, j9fM<922£K 

*«<b#^# - 4- 1# £ £ t tf-v § * o 

[0 0 5 3] 

Ja±gfc9i LtHl U - Hf^fi B OtHiS^^-Ctt, EI f fc&Ofrf- C > 

D&C£^T. ')7y^2 8C, 2 8 DOM^ ? f Lv>(7)t% 'j7yS*2 8C 
, 2 8 D<7>}fcj&£|p|P# Kfr -9 - t7j ? "C#^o :iit:J:^ MdtX@ * ffiB&ffc L , 
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[0 0 5 4] 

8 D<a±tM^A<7)tfMK K9>f Jiy ^>7Zm^tz<r)X^ V 8C, 

&Tmm&<r) 7 o %i-i±^^^m^mxir^ zt^-e^&o 

[0 0 5 5] 

J^Xf^L^^iif^P-^W^^^&T^, HI 3 (a) M7f;1rfm<7)>) v 
*>W2 8C, 2 8 D*^1-*J»^tcov»TKWL^75*, HI 3 (b) -HI3 ( 
f ) tC^-t^KO »; y VUft 2 8 C , 2 8 D i> m&nJjfe'C&jSL't Z Z t § 
& D fcfiU */hfi*ft^:tBO 7 0 %JJLb Mi" K7^x 7 f >^i:J: 

0 ImH-f h ±®mft A it , 'J y 2 8 C , 2 8 D <D±M <D 6 0 % «h 1" * 

-HfU^o £ tz > K5^x 7 f> ^ OUnXfflJSOlg h , y 2 
8C, 2 8Dic&v>T, ±fl!«5frA<a±fflj2ffiUfc, T3t, O^Jt(i7 0° JSJL 
±100° ttTi:t^:i:#j[fiLv> 0 
[0 0 5 6] 

hi 4 (±, ^n^ofg 2 <o$m<r>iim<r> 2 M*ftit4^*#^-^gB 

KriBI2"e**o iloHiofl (HI) OgttHii^li, 'Jr/W2 8 
C , 2 8 D $-^A,-e-€-0|^tBiJ |:Si02^5> ^^IflMIII 29C, 2 9 D £ 
ffM Ltz&* 3$tV\ GaAs3>^^M35C, 35D^'J7 ^8B# 2 8 C 
, 2 8D±K*ff#iK^J&LfcjGu f*^o"»W2 9C> 2 9D£J:^G 
aAs3>^hi35C > 3 5CO|jf(i, Ti^fT-C, DT'|W| 0 
[0 0 5 7] 

S i0 2 ^f>4^itMil2 9C, 2 9D(i, InAlPJ:!)!^! 
u*fci£>3*j!fc*- Kt5 s |£* s "3 K < < & £ t5 5 \ il<OpI^77 Kil 4i3itf2 6 

o 

[0 0 5 8] 

(t3otMi) 
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^hmm^mF zvmit^MJ&zntzmK<vm2 com2mmm*mm 2 8 c 

, 2 8Do**«#«r/2;<-r*c:fc-c, ^®iS^-eo«^ifi]02grS^e- K*#e< 
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